An extremely halophilic archaeal strain, halo-7 T , was isolated from brine sediment of the Gomso solar saltern, Republic of Korea. Cells of strain halo-7 T were pleomorphic, stained Gramnegative, lysed in distilled water and formed red-pigmented colonies. Strain halo-7 T grew in the range of 25-45 8C (optimum 37-40 8C), pH 6.5-9.5 (optimum pH 7.0-8.0), 15-30 % (w/v) NaCl (optimum, 20-25 %), and 0.05-0.5 M MgCl 2 (optimum 0.1-0.3 M). The minimal NaCl concentration to prevent cell lysis of strain halo-7 T was 10 % (w/v). The major polar lipids of the isolate were phosphatidylglycerol, phosphatidylglycerolphosphate methyl ester, an unidentified phospholipid, an unidentified lipid, and two unidentified glycolipids. Phylogenetic analysis based on 16S rRNA gene sequences showed that strain halo-7 T is closely related to the members of the genus Halolamina, Halolamina salina WSY15-H3 T (98.7 % 16S rRNA gene sequence similarity), Halolamina pelagica TBN21 T (98.2 %) and Halolamina rubra CBA1107 T (97.4 %).
, for which we propose the name Halolamina sediminis sp. nov. The type strain is halo-7 T (5JCM 30187 T 5CECT 8739 T ).
The genus Halolamina was firstly proposed by Cui et al. (2011) based on description of a novel species, Halolamina pelagica (type strain TBN21 T ) with low 16S rRNA gene similarity (about 90 %) to other haloarchaea. Chemotaxonomic analyses showed that the genus Halolamina has distinctive characterizations including polar lipid composition. At the time of writing, the genus comprises four recognized species isolated from extremely saline environments: H. pelagica (Cui et al., 2011 ) from a marine solar saltern, Halolamina rubra (Cha et al., 2014 ) from non-purified solar salt, and Halolaminia salifodinae and Halolamina salina (Zhang et al., 2013 ) from a salt mine. Cells of species of the genus Halolamina are Gram-stain-negative, extremely halophilic (optimal NaCl concentration 20 %, w/v), strictly aerobic, and positive for catalase and oxidase activities (Cha et al., 2014; Cui et al., 2011; Zhang et al., 2013) . During estimation of the haloarchaeal diversity of a solar saltern in the western coastal area of the Korean Peninsula based on cultivation, we isolated one pleomorphic strain that phylogenetically belonged to the haloarchaea. In the present study, the taxonomic status of this novel archaeal strain, designated halo-7 T , was investigated by using a polyphasic approach including determination of phenotypic and genotypic characterizations.
Strain halo-7
T was isolated from a sediment sample collected from a crystallizing pond of GomSo solar saltern (salinity 17-23 %, temperature 35 8C and pH 7.8; 358 359 N 1268 369 E, data from Park et al., 2012) . A 2 g brine sediment sample was collected in a sterile conical tube and serially diluted in filter-sterilized (0.22 mm pore size, Millipore) natural brine water with 0.5 % (w/v) yeast extract (Difco). The slurry mixture was aerobically incubated at 30 8C in the glass tubes and sub-cultured every 3 weeks with 1 % (v/v) transferred into fresh DBCM2 medium [JCM medium no. 574; containing 3These authors contributed equally to this work.
Abbreviations: MR/VP, Methyl Red/Voges-Proskauer; PG, phosphatidylglycerol; PGP-Me, phosphatidylglycerolphosphate methyl ester.
per litre: 833 ml MDS salt water, 1 ml FeCl 2 solution, 1 ml trace element solution, 0.25 g peptone (Oxoid), 0.05 g yeast extract (Difco), 5 ml 1 M NH 4 Cl, 2 ml potassium phosphate buffer, 3 ml vitamin solution, and 10 ml of 1 M sodium pyruvate solution]. After three sub-cultures in DBCM2, the enrichment culture was spread onto solid DBCM2 agar plates [containing 1.5 % (w/v) agar], and incubated at 37 8C for 2 weeks under aerobic conditions. The isolates were successively transferred to a new DBCM2 agar plate at least five times, and a single colony was finally designated halo-7
T .
For phylogenetic analysis of strain halo-7 T , DNA was extracted using a commercial genomic DNA extraction kit (GeneAll). The 16S rRNA gene was amplified by PCR from the chromosomal DNA with a universal archaeal primer set: forward primer 20F (59-TTCCGGTTGATCCY-GCCRG-39) and reverse primer 1492R (59-GGTTACCTT-GTTACGACTT-39) (DeLong, 1992; Weisburg et al., 1991) . The PCR product was purified with a PCR purification kit (Cosmogenetech), and was sequentially sequenced by Cosmogenetech using primers 20F, 340F, 958R and 1492R (DeLong, 1992; Weisburg et al., 1991) . The nearly complete 16S rRNA gene sequence (1470 bp) of strain halo-7 T was obtained by assembling the sequences with SeqMan software (DNASTAR). The 16S rRNA gene sequences of related taxa were obtained from the GenBank database and aligned using the SILVA alinger (Pruesse et al., 2012) . 16S rRNA gene sequence similarities were calculated by using the EzTaxon server (http://www.ezbiocloud.net/ eztaxon; Kim et al., 2012) . Evolutionary distances were calculated by using Kimura's two-parameter model (Kimura, 1983) . Phylogenetic trees were reconstructed based on the neighbour-joining (Saitou & Nei, 1987) , minimumevolution (Kidd & Sgaramella-Zonta, 1971 ) and maximum-likelihood (Felsenstein, 1981) methods by using MEGA6 software (Tamura et al., 2013) with 1000 bootstrap replications for each. Phylogenetic analysis indicated that strain halo-7 T clearly belongs to the genus Halolamina in the family Haloferacaceae within the order Haloferacales (Gupta et al., 2015) , as revealed by high bootstrap values (Fig. 1) (Cha et al., 2014; Zhang et al., 2013) .
Genomic DNA extracted for 16S rRNA gene amplification was used for determination of DNA G+C content. RNA in the DNA solution was removed by incubation with a mixture of RNase A and T1 (each, 20U ml
21
) at 30 8C for 1 h. The G+C content of the genomic DNA was determined by the fluorimetric method described by Gonzalez & SaizJimenez (2002) . The G+C content of the genomic DNA of strain hlao-7 T was 68.0 mol%, a value that fell within the range for recognized species of the genus Halolamina (Table 1) .
DNA-DNA hybridization experiments were carried out with strain halo-7
T according to the method described by Ezaki et al. (1989) Polar lipids of strain halo-7 T and the reference strains were extracted and separated by one-and two-dimensional thinlayer chromatography on a silica gel glass plate (F254 silica gel-60 plates; Merck), then sprayed with the specific following reagents: sulfuric acid/ethanol (1 : 2, v/v) for total lipids, ninhydrin for amino-containing lipids, molybdenum blue for phospholipids and a-naphthol/sulphuric acid for glycolipids (Dittmer & Lester, 1964; Oren et al., 1996; Xin et al., 2000) . The polar lipids of strain halo-7 T comprised phosphatidylglycerol (PG), phosphatidylglycerolphosphate methyl ester (PGP-ME), an unidentified phospholipid, an unidentified lipid and two unidentified glycolipids (Fig. S1 , available in the online Supplementary Material). The polar lipid profile of strain halo-7
T was similar to that of other members of the genus Halolamina.
The physiological characterization was performed with methods recommended in the proposed minimal standards for the description of new taxa in the order Halobacteriales (Oren et al., 1997) . For robust experimental reproduction, all tests were performed in triplicate unless stated otherwise. Gram staining was performed as described by Dussault (1955) . Cell morphology and cell size, and the presence of flagella were determined by differential interference contrast microscopy (Axio Scope.A1; Carl Zeiss) and transmission electron microscopy (Tecnai G2 Sprite; FEI), respectively. Cell motility was examined by the modified-semisolid agar [supplemented with 25 % (w/v) sodium chloride] methods (Tittsler & Sandholzer, 1936) .
Cell lysis in distilled water and different salt concentrations [2-10 % NaCl (w/v), intervals of 2 %] was determined spectrophotometrically at 600 nm (DS-11+ spectrophotometer; DeNovix) and microscopically. Optimal growth conditions were determined using M372 or DBCM2 medium as a basal medium in the presence of 5-30 % (w/v) NaCl at 5 % intervals. The temperature range for growth was determined at 10, 15, 20, 25, 30, 37, 40, 45 and 50 8C in medium with optimal NaCl concentration (20-25 %, w/v). The response to pH was determined by growth on M372 medium adjusted to pH 5.0-10.0 (at intervals of 0.5 pH units) by addition of the following buffers: 10 mM 2-(N-morpholino)ethanesulfonic acid for pH 5.0-6.5, 10 mM Bistris propane for pH 7.0-8.5, and 10 mM 3-(cyclohexylamino)-1-propanesulfonic acid for pH 9.0-10.0. The requirement for magnesium ions for growth was determined using M372 medium made without MgSO 4 .7H 2 O, and then supplemented with 10 mM Bistris propane and MgSO 4 .7H 2 O at concentrations of 0, 0.01, 0.02, 0.05, 0.5, 1, 2, 5, 100 or 500 mM.
For testing anaerobic growth, strain halo-7 T was cultivated using the M372 medium in the presence of nitrate, L-arginine, trimethylamine N-oxide (TMAO) and DMSO (all at 5 g l 21 ) at 37 8C for 4 weeks in a Coy anaerobic chamber with an atmosphere composition of N 2 /CO 2 /H 2 (90 : 5 : 5, by vol.). Anaerobic growth was determined by turbidity (Oren et al., 1997) . The tests for catalase, oxidase and urease activity, indole production and hydrolysis of casein and starch were examined as described by Benson (2002) using M372 medium as the basal medium. Hydrolysis of Tweens 20, 40 and 80 was tested as described by Gonzalez et al. (1978) and hydrolysis of gelatin was assayed as described by Smibert & Krieg (1994) . Production of H 2 S was tested by growing the isolate and reference strains in a tube containing M372 liquid medium supplemented
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Halorubrum kocurii BG-1 T (AM900832) with 5 g l 21 sodium thiosulfate and was determined using filter-paper strips impregnated with lead acetate (Cui et al., 2007) . The Methyl Red/Voges-Proskauer (MR/VP) reaction was determined according to Atlas (2004) . To test for growth of halo-7 T and reference strains on single carbon sources, M372 medium without Casamino acids, yeast extract, sodium glutamate and sodium citrate was used. Various carbon sources to be tested were added to this modified medium at a concentration of 5 g l
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. Production of acid from carbohydrates (D-fructose, D-galactose, D-glucose, D-mannose and L-sorbose) was tested in unbuffered M372 medium supplemented with 5 g l 21 carbohydrate. Phenol red was used as an indicator to detect acid production, and compared with the initial pH and the pH of a control tube without added carbohydrates (Oren et al., 1997) . Antimicrobial susceptibilities were determined by the method of Gutiérrez et al. (2008) on M372 agar plates with antimicrobial compound discs for 4 weeks at 37 8C. (Cui et al., 2011) . All taxa were Gram-stain-negative, catalase-and oxidase-positive, produced red-pigmented colonies, and required magnesium ions for growth. All strains lysed in distilled water and growth was not observed using TMAO, DMSO, L-arginine and nitrate as alternative electron acceptors under anaerobic conditions. All strains were positive for utilization of L-arginine, L-glutamate and D-glucose. All strains were negative for H 2 S production, activity of urease, L-arginine, b-galactosidase, ornithine decarboxylase and lysine, MR/VP test, the formation of indole, hydrolysis of casein, gelatin and Tweens 20, 40 and 80, acid production from D-fructose and L-sorbose, and utilization of D-fructose, lactose, mannitol, L-sorbose, succinate and D-xylose. +, Positive; 2, negative. Cells of strain halo-7 T were Gram-stain-negative, motile and pleomorphic with coccoid (diameter 0.8-1.0 mm) or rodshaped (0.8-1.061.0-1.8 mm, width6length) morphology. Colonies were red-pigmented and had a smooth and rounded shape after incubation for 2 weeks on M372 agar. Strain halo-7
T grew in range of 15-30 % NaCl (optimal 20-25 %), at 25-45 8C (optimal 37-40 8C), pH 6.5-9.5 (optimal 7.0-8.0) and with 0.05-0.5 M Mg 2+ (optimal 0.1-0.3 M). Magnesium ions were essential for growth. Strain halo-7
T lysed in distilled water and at concentrations below 10 % (w/v) NaCl. Nitrate, L-arginine, TMAO and DMSO were not utilized as electron acceptors for strain halo-7
T under anaerobic conditions. Strain halo-7 T was unable to hydrolyse casein, gelatin and Tweens 20, 40 and 80. Cells were positive for catalase and oxidase activities, and starch hydrolysis, but negative for urease, b-galactosidase, ornithine decarboxylase, arginine and lysine activities, and H 2 S and indole production. Strain halo-7
T produced acid from D-glucose and D-mannose. The strain was negative for MR/VP reaction. Strain halo-7
T used acetate, L-arginine, L-aspartate, citrate, fumarate, D-glucose, L-glutamate, glycerol, glycine, DL-lactate, L-lysine, L-malate, maltose, D-mannose, sorbitol and sucrose as sole carbon and energy sources. Cells were sensitive to oxacillin (1 mg), sulfamethoxazole/trimethoprime (23.75/1.25 mg) and neomycin (50 mg) but resistant to streptomycin (10 mg), penicillin G (10 IU), clindamycin (2 mg), tetracycline (10 mg), gentamicin (10 mg), ampicillin (10 mg) and kanamycin (30 mg).
Detailed results of phenotypic tests and nutritional traits of strain halo-7 T are presented in the species description, and are compared to related species of the genus Halolamina in Table 1 . The optimum temperature, and pH and NaCl ranges for growth of strain halo-7
T are similar to those of the other strains while the carbon source utilization of strain halo-7 T differs to those of the members of the genus Halolamina.
In conclusion, the phylogenetic analysis based on 16S rRNA gene sequences indicates that strain halo-7 T should be related to the genus Halolamina. However, strain halo-7 T differed from other species of the genus Halolamina with validly published names with regard to distinct phenotypic properties, such as pH, magnesium ions and salinity optimum and/or range for growth, the pattern of carbon sources utilized, and low DNA-DNA hybridization values (,25 %). Thus, we propose that strain halo-7
T represents a novel species of the genus Halolamina, for which the name Halolamina sediminis sp. nov. is proposed.
Description of Halolamina sediminis sp. nov.
Halolamina sediminis (se.di9mi.nis. L. gen. n. sediminis of sediment).
Cells are motile, Gram-stain-negative, catalase-and oxidase-positive, and pleomorphic, short rod-or ovalshaped, 0.8-1.0 mm in width and 1.0-1.8 mm in length. Colonies are 0.2-0.4 mm in diameter, and are red-pigmented, smooth and round. Growth occurs in the presence of 15-30 % (w/v) NaCl (optimal 20-25 %), at 25-45 uC (optimal 37-40 uC), at pH 6.5-9.5 (optimal 7.0-8.0) and with 0.05-0.5 M Mg 2+ (optimal 0.1-0.3 M). Cell lysis occurs in distilled water and the minimal NaCl concentration to prevent cell lysis is 10 % (w/v). Does not use nitrate, L-arginine, DMSO or TMAO as alternative electron acceptors under anaerobic conditions. Nitrate reduction to nitrite or the formation of gas from nitrate is not observed. H 2 S is not produced from sodium thiosulfate. Indole is not produced from tryptophan. Does not hydrolyse casein, gelatin or Tweens 20, 40 and 80. Negative result in tests for activities for urease, b-galactosidase, ornithine decarboxylase, L-arginine and lysine, and MR/VP reactions. The following substrates are utilized as single carbon and energy sources for growth: acetate, L-arginine, L-aspartate, citrate, fumarate, D-glucose, L-glutamate, glycerol, glycine, DL-lactate, L-lysine, L-malate, maltose, D-mannose, sorbitol and sucrose; L-alanine, D-fructose, D-galactose, lactose, mannitol, pyruvate, L-sorbose, starch, succinate and D-xylose are not utilized. Acid is produced from D-glucose and D-mannose. The polar lipids are PG, PGP-Me, an unidentified phospholipid, an unidentified lipid and two unidentified glycolipids.
The type strain is halo-7 T (5JCM 30187 T 5CECT 8739 T ) and was isolated from Gomso solar saltern, Republic of Korea. The DNA G+C content of the type strain is 68.0 mol%.
